Purpose: Kawasaki disease involves acute febrile systemic vasculitis that can cause a variety of symptoms by affecting various organs. Here, we aimed to evaluate the prevalence, causes, and prognosis of sensorineural hearing loss (SNHL) occurring in children with Kawasaki disease. Methods: Patients who were diagnosed with Kawasaki disease and received inpatient treatment in the Pediatrics Department at one of three university hospitals in Daegu city from February 2012 to September 2012 were enrolled in the study. The clinical features, hematological results, echocardiography results, audiometry results, and aspirin and salicylic acid serum levels of the patients were evaluated. Results: Of the 59 children enrolled in the study, three showed mild bilateral SNHL on audiometry tests conducted after 48 hours of defervescence; these patients demonstrated normal patterns of recovery on follow-up tests 8 weeks later. Aspirin serum levels were significantly higher in the SNHL group after 48 hours of afebrile condition with high dose aspirin intake (P=0.034). However, no significant differences were found in other laboratory tests or for fever duration (P>0.05). Upon echocardiography, coronary artery abnormality was observed in 9 cases, but none of these patients showed hearing loss.
Introduction
Kawasaki disease is a type of systemic vasculitis that presents with acute inflammation, mainly in infants and children aged five or younger. Neither its etiology nor pathophy siology is clearly understood. The clinical manifestations of Kawasaki disease include five or more days of fever, bilateral conjunctival injection without exudates, lip and oral mucosal injection, nonpurulent cervical lymphadenopathy, polymorphous exanthem, and erythema and edema of the hand and foot 1) . In the acute phase of the disease, multiple organs are invaded and various symptoms may develop. In addition, arthritis, aseptic meningitis, asep tic pyuria, sensorineural hearing loss, hydrocholecystitis, and uveitis are often observed 2) . The treatment of Kawasaki disease is conducted in most medical institutions according to the standardized protocol: Highdose intravenous immunoglobulin injection (2 g/kg) and the oral intake of a high dose of aspirin (80-100 mg/kg/day) within 10 days of the start of fever. The use of highdose aspirin sometimes causes various side effects such as abdominal pain, acute hepatitis, hearing loss, tinnitus, gastric ulcer, gastro intestinal bleeding, and Korean J Pediatr 2015;58 (11) :434-439 electrolyte abnormality 3) . In this way, sensorineural hearing loss can develop due to the inflammatory reaction in the acute phase of Kawasaki disease, or from the side effects of the highdose aspirin. In previous studies, various cases of sensorineural hearing loss duration, directionality, and severity have been reported in Kawasaki disease 411) . According to Magalhaes et al. 8) , and Alves et al. 10) , in Kawasaki disease, the patients with permanent sensorineural hearing loss showed anemia and thrombocytosis significantly more often, and had a longer duration of the increase in the erythrocyte sedimentation rate than patients with temporary hearing loss. In the meantime, Knott et al. 4) , and Sundel et al. 7) suggested that the ototoxicity of the highdose aspirin that was used for the treatment of the acute phase might cause sensorineural hearing loss. In this study, the presence, causes, and prognosis of sensori neural hearing loss in children with Kawasaki disease were inves tigated.
Materials and methods
In total, 59 of the Kawasaki disease inpatients (33 males and 26 females) from the Department of Pediatrics at three university hospitals in Daegu city (Kyungpook National University Medical Center, Keimyung University Dongsan Medical Center, and Yeungnam University Hospital) from February 2012 to September 2012 agreed to participate in this study upon obtaining the appro val of the Institutional Review Board. Their clinical manifestations, results of hematologic examination, echocardiography, audio metry, and the serum levels of aspirin and salicylic acid were monitored.
Kawasaki disease was diagnosed when a fever lasted five days or longer, and at least four of the five clinical manifestations are observed according to the 2004 American Heart Association criteria 2, 7) . Incomplete Kawasaki disease cases that could not meet the criteria were excluded from this study. Cases of hearing loss risk factors including genetic defects, congenital malformations, use of ototoxic drugs such as diuretics or aminoglycoside anti biotics, and infectionlike otitis media were also excluded. No patient had a history of hearing loss.
In the acute phase, a combination of intravenous immunoglo bulin (GreenCross, 2 g/kg, 12 hours) injection and oral intake of highdose (100 mg/kg/day, three times a day) aspirin (Rhonal, Kunwha Pharmaceutical, Seoul, Korea) were administered. When an afebrile condition was maintained for 48 hours, lowdose aspirin (3-5 mg/kg/day, once daily) replaced the previous high dose for an eightweek intake period.
A general blood test was conducted prior to beginning of treat ment, two days after highdose aspirin intake, at 48 hours of defervescence after highdose aspirin intake, and at the fourth and eighth week of outpatient visits. The serum levels of aspirin and its metabolite, salicylic acid, were measured at 48 hours of defer vescence after highdose aspirin intake, and at the eighth week of outpatient visit while lowdose aspirin was administered.
Echocardiography was conducted by pediatric cardiologists before the acute phase treatments, before discharge, and at the fourth and eighth week of outpatient visits to check any coronary artery problems. Abnormal findings in the coronary arteries were defined according to the Japanese Ministry of Health criteria (1984) 12) : 3mm diameter of the greater internal lumen of the coronary artery in children under the age of 5, or 4mm diameter of the greater internal lumen of the coronary artery in children above the age of 5, or the region with greater than 1.5 times the internal diameter of an adjacent blood vessel, or irregularities in the coronary lumen. The sizes of coronary aneurysms were classi fied according to the American Heart Association criteria 2) , when the internal diameter of the coronary artery was 8 mm or greater, the case was classified as a giant aneurysm.
Patient's hearing was assessed at 48 hours of defervescence after highdose aspirin intake and at the eighth week of outpatient visit, using pure tone audiometry in patients over three years of age (19 cases) and brainstemevoked response audiometry in patients less than three years of age or in patients unwilling to cooperate (40 cases) 4, 8) . The Clark classification was applied for determining the severity of hearing loss (Table 1) 13)
. Intake compliance was 100%; intake compliance (%)=[(amount to be taken-amount not taken)/amount to be taken]×100.
MannWhitney U test was used to compare the two groups. A P value of <0.05 was determined as significant.
Results
The group of 59 children was composed of 33 males (56%) and 26 females (44%). Of the 59 patients, three males showed sensorineural hearing loss, accounting for 5.1%. In terms of age (median months), sensorineural hearing loss was confirmed in hearing tests at 37 months (range, 16-126 months), and normal cases at 22 months (range, 3-102 months) showing no significant 13) . differences between the two groups (P=0.334) ( Table 2 ). All three cases with hearing loss showed 30 dB or lower mild bilateral sensorineural hearing loss in the tests conducted at 48 hours of defervescence, and showed a normal pattern of recovery on followup tests at the eightweek outpatient visit while taking lowdose aspirin (Fig. 1) .
The serum levels of aspirin in the sensorineural hearing loss group measured at 48 hours of defervescence after highdose aspirin intake and at the eighth week while taking lowdose aspirin were significantly higher than those of the normal group (P=0.034, P=0.026) (Table 3) . However, the serum levels of the aspirin metabolite, salicylic acid, did not show a significant difference between the groups (P>0.05).
In terms of the total duration of fever (P=0.831), the duration of fever prior to beginning of treatment (P=0.454) (Table 4) , and other laboratory tests (Table 5 ), no significant difference was observed between the groups (P>0.05).
In echocardiography, abnormality in the coronary artery was observed in nine patients (16%), but none showed hearing loss. Of these nine cases, none showed a giant aneurysm. All abnormalities manifestations, general blood tests, and echocardiographic results; and the serum levels of aspirin and its metabolite (salicylic acid) were measured to find their association with sensorineural hearing loss. This is the first prospective study in South Korea in which the patients diagnosed with Kawasaki disease at the three university hospitals underwent uniform treatment and followup protocols. Sensorineural hearing loss in patients with Kawasaki disease was first reported by a Japanese clinician in 1988 19) . Since then, studies on the association have been conducted, but interpreta tions of the outcomes have varied 20) . Novo et al. 5) , Clausen et al. 11) , and Silva et al. 18) reported cases of profound bilateral sensorineural hearing loss in patients with Kawasaki disease, despite the use of steroids for treatment, their hearing function was not improved. They reported that the sensorineural hearing loss might be caused by acute inflammatory reaction in the blood vessels of the middle ear, and their clinical manifestations were not same as those caused by aspirin ototoxicity 5, 18) . In addition, it took 10 days to 5 years to recognize hearing loss in Kawasaki disease, and most cases occurred young children less than two years old 5) . Therefore, the early diagnosis and followup of sensorineural hearing loss in patients with Kawasaki disease is clinically very important.
Typically, sensorineural hearing loss after treatment with aspirin is known as 20 to 30 dB of mild hearing loss in both sides 21) . Aspirin ototoxicity is reversible within 72 hours upon stopping aspirin intake 22) . The minimum serum levels of aspirin that can cause a change in hearing thresholds are unknown, but there may be a significant correlation between the serum levels of aspirin and hearing threshold shifts 21, 23) . Brien 21) reported that the serum levels of salicylic acid appeared to be more closely associated with aspirin ototoxicity than the serum levels of aspirin. The action mechanism of aspirin on ototoxicity is not known exactly, but aspirin is understood to act on the outer hair cells of the cochlea to trigger morphological alterations 24, 25) . It is thought that aspirin competitively combines with one of the proteins in the outer hair cells to reduce the electromotility of the outer hair cells, and deteriorates basilar membrane vibrations and sound transmis sion 26, 27) . In addition, aspirin affects the blood vessels for the autonomic nerve in the cochlea to reduce its blood supply and to inhibit prostaglandin synthesis, resulting in ototoxicity 21) . In Sundel et al. 7, 9) , the serum concentrations of aspirin and salicylic acid in patients with Kawasaki disease were measured, but no direct correlation between the drug's concentration and the change in the hearing threshold was confirmed. However, they described the importance of the serum level of salicylic acid in the expression of aspirin toxicity, and in particular, took notice that hypoalbuminemia during the acute phase of Kawasaki disease could have increased the serum level of salicylic acid. In Knott et al. 4) , some patients of Kawasaki disease with acute hearing loss showed patterns of bilateral highfrequency hearing loss that corresponded to those of hearing loss, due to aspirin ototoxicity. in the coronary artery had spontaneously recovered by the follow up echocardiography conducted at the eighth week of outpatient visit.
Discussion
Kawasaki disease is an acute febrile systemic vasculitis of unknown etiology that occurs mostly in fiveyearold or younger children. Some of the cases, about 20%-25%, show coronary artery complications such as a coronary aneurysm, and coronary artery stenosis or obstruction if left untreated 2) . Typically, Kawa saki disease is diagnosed when fever lasts more than five days and at least four of the five principal features are observed. For treat ment during the acute phase of the disease, intravenous immuno globulin and aspirin are used in combination, and consequently, the incidence of coronary artery complications significantly decreases to 2%-4% 14, 15) . During the acute phase, various organs including the heart are affected, showing diverse symptoms. In particular, the incidence of central nerve system involvement in Kawasaki disease ranges from 1.1% 16, 17) to 30% 4, 18) , showing as aseptic meningitis, seizure, ataxia, transient facial paralysis, sensorineural hearing loss, and subdural effusion 10) . Although sensorineural hearing loss can cause serious problems in the language development period, the etiological and clinical mani festations are still not fully described, and insufficient attention has been paid to them.
In this study, sensorineural hearing loss during the Kawasaki disease's treatment period was confirmed; the hearing loss group and normal group were compared in terms of their clinical Considering some of them showed permanent sensorineural hearing loss, the hearing loss of patients with Kawasaki disease is somehow affected by aspirin toxicity, but this cannot be a com plete explanation. In this study, the hearing loss of three patients was confirmed after 48 hours of defervescence, after taking highdose aspirin (100 mg/kg/day) for two days or longer, at the level of mild bilateral sensorineural hearing loss, less than 30 dB. However, these symp toms had recovered to normal at the eighthweek followup hearing test with lowdose aspirin intake. In this study, the clinical manifestations of transient mild bilateral sensorineural hearing loss were similar to those of aspirin toxicity.
Furthermore, the serum level of aspirin immediately before the first hearing test in sensorineural hearing loss patients was significantly high, but the serum level of salicylic acid did not show a significant difference. Unlike Sundel et al. 7) and Knott et al. 4) , who described that the serum level of salicylic acid reflected the risk of ototoxicity more closely, the ototoxicity was considered more closely associated with aspirin concentration than its metabolite concentration in this study. In particular, one patient had a significantly high serum level of aspirin when he showed hearing loss, so it was strongly suspected that the occurrence of sensorineural hearing loss was associated with aspirin toxicity.
Nevertheless, the presence of anemia and thrombocytosis, and the increased aspartate aminotransferase/alanine aminotransferase described in Magalhaes et al. 8) and Alves et al. 10) did not show a significant difference between the groups in this study.
In conclusion, sensorineural hearing loss in children with Kawa saki disease might occur during treatment in the acute phase of the disease, mostly involve mild bilateral hearing loss in the lower than 30dB range and, spontaneously recovered. This was consi dered to be due to the side effects of highdose aspirin, which was used for acutephase treatments, but further studies with more cases may be necessary in the future.
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